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Advanced EMS Treatment and Survival After Cardiac Arrest
Callie Heyne  |  Spenser Staub  |  Tom Mroz, PhD  |  Windsor Sherrill, PhD, MHA, MBA
Department of Public Health Science, Clemson University
ABSTRACT
 Successful cardiac arrest management requires the simultaneous coordination of a 
number of advanced treatments.  In order to improve this process and related patient 
outcomes, Greenville County Emergency Medical Services (GCEMS) implemented 
multiple protocol and training changes between 2011 and May 2012. Changes included 
the introduction of streamlined guidelines and treatment processes, increased scope 
of care for paramedics, shift to an evidence-based training program, and introduction 
of an annual survivor ceremony. These modifications simultaneously targeted both the 
professionalism of paramedics and EMS system culture.  Impact of the new cardiac 
arrest management program was assessed at both the individual and population health 
levels. 
 The purpose of this retrospective study was to examine the efficacy of the systematic 
and cultural changes put into place by GCEMS. With the cooperation of Greenville 
Health System, we examined patient outcomes and records to analyze and assess the 
effectiveness of the new practices and guidelines. Key outcome measures such as patient 
neurological status, hospital readmission frequency, and cost measures were used to 
evaluate the impact of these changes. Adult, non-traumatic out of hospital cardiac arrest 
victims terminated in the field or transported to a Greenville Health System hospital 
between January 1, 2010 to December 31, 2010 (per-intervention period) or June 1, 
2012 to May 31, 2013 (post-intervention period) were included in the study. No data from 
2011 was analyzed; this period was the transitional phase during which the treatment 
protocol changes were being implemented.
INTRODUCTION
 On an international, national, and local scale out-of-hospital cardiac arrest (OOHCA) is one of the biggest public health threats.  National and international guidelines have 
been developed and constantly review and adapted to help improve the survival rate of OOHCA. Despite these efforts, overall survival of OOHCA patients has remained 
steady at approximately 7.6 for the last thirty years (Ewy, 2012).  If a patient does survive OOHCA, the post arrest quality of life is another cause of concern.  The ideal 
outcome of treating a patient of OOHCA is a “neurologically intact survival” and no permanent damage to organs.  Across the world, only 5-15% of patients resuscitated have 
a neurologically favorable survival (Sayre, 2009).  Emergency response teams, particularly paramedics and other emergency response technicians are lynchpins to improving 
OOHCA outcomes.  Emergency services serve as the link between the initial attack and the onset of major treatment.  Emergency response teams are the boots on the 
ground in dealing with this public health threat; and, therefore have a great opportunity to positively impact outcomes.
PROBLEM STATEMENT
 Cardiac Arrest is one of the leading causes of death and hospitalization in the country. In order to improve cardiac arrest outcomes, Greenville County Emergency Medical 
Services developed and implemented an evidence-based training and cultural shift. Steps were taken to properly assess and analyze the immediate and long-term impact of 
these changes.  
 KEY ARTICLES FROM LITERATURE REVIEW
Short Title;  Publication Authors Inclusion Criteria Relevant Conclusions and 
Information
Hypothermia After Cardiac Arrest; 
Janata, Holzer; Progress in 
Cardiovascular Diseases
Janata, Holzer Literature Review, NA Therapeutic hypothermia lead to one additional patient neurologically intact for every 9 treated
Perishock Pause; Cheskes, Schmicker; 
Circulation
Cheskes, 
Schmicker
Sustained OHCA with a first EMS 
shockable rhythm of ventricular 
fibrillation or pulseless ventricular 
tachycardia for which CPR process 
data for at least 1 shock were 
obtained 
Longer perishock pauses are independently 
associated with a decrease in survival to hospital 
discharge from OHCA causes by VF or VT 
Long-term survival after out-of-hospital 
cardiac arrest; Resuscitation
Holler, Mantoni, 
Nielsen, Lippert, 
Rasmussen
All OHCA-calls treated by the 
Copenhagan Mobile Emergency 
Care Unit from 1994-1998
Greatest determinants of success are:
• Early CPR
• Ventilation
• Reduction of “hands off time”
• Early defibrillation
Survival in our-of-hospital cardiac arrest 
before and after the use of advanced 
post-resuscitation care; American Journal 
of Emergency Medicine
Martinell, 
Larsson, Bang, 
Karlsson, 
Lindqvist, 
Thoren, Herlitz
Patients with OHCA brought to 
a hospital in Goteborg, Sweden 
between 1980 an 2006.
• Good model or CPC Score classification 
process and data collection
• Similar limitations to consider, such as 
collecting certain information retrospectively 
from medical records
Impact of the 2005 AHA CPR and 
Emergency Cardiovascular Care 
Guidelines on Out-of-Hospital Cardiac 
Arrest Survival; Prehospital Emergency 
Care
Sayre, Cantrell, 
White, Hiestand, 
Keseg, Koser
Adult cardiac arrest cases treated 
by a specific EMS between 
4/1/2004 and 12/31/2007
• High quality CPR has a significant impact on 
survival rates
• Part of the evidence used to make the 
training changes we are studying
The Increased Mortality from Witnessed 
Out-Of-Hospital Cardiac Arrest in the 
Home; Prehospital Emergency Care
Nakanishi, 
Nishizawa, 
Kitamura, 
Nakamura, 
Matsumuro, 
Sawada, 
Matsubara
Witnessed OHCA between 10/2004 
and 9/2008 in Japan
• Provide significant evidence for the need 
to control for outside/inside the home 
arrests, bystander CPR, and witnessed/non 
witnessed during analysis
Health Systems Costs of Out-of-Hospital 
Cardiac Arrest in Relation to Time to 
Shock; Circulation
van Alem, 
Dijkgraaf, Tijssen, 
Koster
Witnessed cardiac arrest and an 
initial shockable rhythm
EXCLUDE: patients below 18 years 
and patients with traumatic cardiac 
arrest
• Source used a lot to develop cost estimators 
and  basic cost analysis model
WORK CITED
Cheskes S, Menegazzi JJ, Van Ottingham L, et al. Perishock pause: an independent predictor of survival from out-of-hospital shockable  cardiac arrest. Circulation. 2011;124:58-
66.
Ewy GA. The cardiocerebral resuscitation protocol for treatment of out-of-hospital primary cardiac arrest. Scandinavian journal of trauma, resuscitation and emergency medicine. 
2012;20:65-65.
Holler NG, Mantoni T, Nielsen SL, Lippert F, Rasmussen LS. Long-term survival after out-of-hospital cardiac arrest.Resuscitation. 2007;75:23-28
Janata A, Holzer M. Hypothermia After Cardiac Arrest.Progress in Cardiovascular Diseases. 2009;52:168-179
Martinell L, Göteborgs universitet, Institute of Medicine, Department of Molecular and Clinical Medicine, et al. Survival in out-of-hospital cardiac arrest before and after use of 
advanced postresuscitation care: a survey focusing on incidence, patient characteristics, survival, and estimated cerebral function after postresuscitation care. Am J Emerg 
Med. 2010;28:543-551.
Martinell L, Göteborgs universitet, Institute of Medicine, Department of Molecular and Clinical Medicine, et al. Survival in out-of-hospital cardiac arrest before and after use of 
advanced postresuscitation care: a survey focusing on incidence, patient characteristics, survival, and estimated cerebral function after postresuscitation care. Am J Emerg 
Med. 2010;28:543-551.
Naess A, Steen PA. Long term survival and costs per life year gained after out-of-hospital cardiac arrest. Resuscitation. 2004;60:57-64
Nakanishi N, Nishizawa S, Kitamura Y, et al. The increased mortality from witnessed out-of-hospital cardiac arrest in the home. Prehospital emergency care : official journal of the 
National Association of EMS Physicians and the National Association of State EMS Directors. 2011;15:271-277.
Sayre MR, Cantrell SA, White LJ, Hiestand BC, Keseg DP, Koser S. Impact of the 2005 American Heart Association cardiopulmonary resuscitation and emergency cardiovascular 
care guidelines on out-of-hospital cardiac arrest survival.Prehospital emergency care : official journal of the National Association of EMS Physicians and the National 
Association of State EMS Directors. 2009;13:469-477.
Swor R, Lucia V, McQueen K, Compton S. Hospital Costs and Revenue Are Similar for Resuscitated Out-of-hospital Cardiac Arrest and ST-segment Acute Myocardial Infarction 
Patients: COST OF CARDIAC ARREST. Academic Emergency Medicine. 2010;17:612-616.
van Alem A, Dijkgraaf M, Koster R. Health system costs of out-of-hospital cardiac arrest in relation to time to shock.CIRCULATION. 2003;108:318-318.
DISCUSSION
Life-saving Cultural Shifts
+ Survivor Ceremony creates a meaningful, hopeful culture of care.
+ Shifting priority to high-quality CPR emphasizes the importance of fundamental skills.
+ Training community in bystander CPR has the potential to positive impact survivability. 
+ Simulation lab training is now regularly focused on Cardiac Arrest training.
Shockable Rhythms: Biggest Opportunity for Improvement
+Ventricular Fibrillation and Ventricular Tachycardia are both shockable rhythms.
+Care options available to EMS are more likely to be effective on these types of cardiac 
arrest.
+ The already higher survivability of these particular rhythms allows for a bigger margin 
of improvement.
Futile Care Reduction: Direct and indirect impacts 
+ Reducing futile care decreases unnecessary cost to the patient, community, and 
hospital
+ Family and friends do not get false sense of hope from seeing their loved being 
transported to the hospital.
+ Hospital care providers have less emotional and mental stress because they are not 
having to deal processing loss of life as often.
+ Streamlined EMS processes allow paramedics to be ready to respond to new cases 
faster.
+ Subjects who died as admitted patients did not change significantly from the control 
to treatment; however, the number that died in the emergency room did. This 
demonstrates the effectiveness of the “terminate in the field” protocols put into place. 
The Power Behind Evidence Based Practices
+ Efficient use of resources, so bigger return on investment
+ Increased autonomy among paramedics improves job satisfaction and performance
+ The significant changes in protocol paired with the increase in survival rates indicate 
the effectivness of the new training program.
This study was obtained IRB approval through a collaborative review by Greenville Health 
System and Clemson University.
Special thanks to Marty Lutz, MD, Aaron Dix, Nate McClintock, and Dawn Blackhurst, PhD 
for their continued work and dedication.  
1Develop study sample using specific inclusion criteria
2Collect data for complete continuum of care
3Perform 10% check to check for systematic errors
4De-identify data
5Anaylze using Stata Software
STUDY METHODOLOGY
18 Years of older at the 
time of Cardiac Arrest 
Terminated in the Field or 
trasported to a Greenville 
Health System Hospital
Greenville County EMS 
transported and treated
Non-traumatic 
Cardiac Arrest
Cardiac Arrest occurred between 
1/1/10 (Control) or 6/1/12-5/30/12 
(Intervention)
• Dispatch category
• Repsonse Time
• Incident accounts
• Environmental factors
• Care provided
• Treatments provided
• Length of stay
• Discharge Status
• Time since 
arrest
• Cause of 
Readmission
Dispatch 
Information Readmissions
Hospital 
Records
EMS
 Records
A NEW EVIDENCE BASED APPROACH
Culture Change
•  Survivor Ceremony to show work has tangible benefit
•  Quality CPR is vital
•  Paramedic autonomy increased
Streamline Protocol
•  Transport Cardiac Arrest patients exclusively to PCI Hospitals
•  Run 12-Leads on every post-arrest transport
•  Standardized Therapeutic Hypothermia inclusion criteria for every receiving hospital
•  Termination on Scene
Focused Simulation  Lab Training
•  More days focused specifically on post-resuscitation skills
•  Approach like going to get ROSC and continue care
RESULTS
Regression Analysis (Linear Probability Model)
Controlling for Age, Race, and Gender using Dummy Variables
Terminated in the Field Protocol
+ 25 minutes resuscitation
+2 rounds of ACLS medication
+Airway
+Super-gloutic device or intubated
+Patient in astyole
+At a private residency
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Protocols 
Protocol Changes and Improvements 
Control
Treatment
Protocol change Percent point change Standard Error P-Value
+
Impedance Threshold Device
All Cardiac Arrests 35.8* 5.00 0.000
Ventricular Rhythm 26.9* 12.6 0.016
Therapeutic Hypothermia
All Cardiac Arrests 22.2* 3.6 0.000
Ventricular Rhythm 41.5* 10.5 0.000
Intubation
All Cardiac Arrests 4.7 3.4 0.081
Ventricular Rhythm 5.1 10.1 0.307
Bystander CPR
All Cardiac Arrests 11.4* 5.3 0.016
Ventricular Rhythm 9.5 14.2 0.251
Table 1.  Analysis of Evidence Based Protocol Changes
All Cardiac Arrest n=447, Ventricular Rhythm n=107
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Possible Patient Outcomes 
Patient Outcomes 
Control
Treatment
Outcome Percent point change Standard Error P-Value
+
Alive at Discharge
All Cardiac Arrests 5.2* 3.1 0.045
Ventricular Rhythm 20.0* 10.9 0.000
Died in ER
All Cardiac Arrests -30.8* 5.0 0.000
Ventricular Rhythm -14.3 12.4 0.125
Died after Admission
All Cardiac Arrests 0.1 4.5 0.453
Ventricular Rhythm -8.3 10.7 0.780
Terminated in the Field
All Cardiac Arrests 25.0* 3.9 0.000
Ventricular Rhythm 2.6 6.3 0.342
Table 2. Outcomes of All Cardiac Arrests
All Cardiac Arrest n=447, Ventricular Rhythm n=107
Outcome Percent point change Standard Error P-Value
+
Return of Spontaneous 
Circulation 19.7 12.3 0.054
Return of Spontaneous 
Circulation Prior to 
Transport 14.8 10.3 0.076
Very good CPC Score 
(CPC Score=1) 0.6 11 0.224
* one-sided p-value
Table 3.  Other Outcomes of those presenting to EMS with 
+ One-sided P-values
Characterstic Control Treatment
Age (Mean± SD) 63.28±16.02 63.46±15.40
Male Gender, num (%) 134 (65.37) 165 (66)
Race
Black, Hispanic, num 
(%) 1 (.5) 0 (0)
Black, Nonhispanic, 
num (%) 48 (23.6) 62 (25.2)
Multiracial, num (%) 0 (0) 1 (0.4)
White, Nonhispanic, 
num (%) 4 (2.0) 4 (1.6)
White, Hispanic, num 
(%) 149   (73.4) 177 (72.0)
Other, num (%)
Witnessed, num (%) 95 (46.34) 136 (54.4)
Ventricular Rhythm, num 
(%) 45 (22.00) 64 (25.6)
Bystander CPR, num (%) 81 (39.51) 122 (48.8)
Intubated, num (%) 172 (83.9) 222 (69.2)
ITD used with Intubation, 
num (%) 63 (30.7) 173 (69.2)
Therapeutic 
Hypothermia, num (%) 10 (4.9) 61 (24.4)
Table 4. Study Patient Characterstics
+ Ventricular Rhythm is specifically analyzed as a 
subgroup due to the proven increased effectiveness 
of treatments for patients presenting with this rhythm. 
